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A catheter is provided. The catheter has an irregular outer diameter (47, 48) and/or an irregular inner diameter caused by 
embedment of a reinforcing member (38), thereby reducing sliding friction compared to conventional smooth-wall catheters. 
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5 '^^^Z^ to a „thod - — ; 
tubular products , especially -theter* ■ ~ 

*.k« >-r>i-ation of another catne*cer 
"tm - P this invention relates 

: «^ o f maWng a catheter wherein either or bo^ 
• i -..-faces o£ a catheter are modified to 
elongated ^ "f^L, due to £lui a coupling by 
" tTt££ « have a non-linear cmon-smooth 

=rr:r^t contact 

veiativelv small areas or line or P"^ 
• ^rLr^r^Ir/gaouetric surface or relatival, 

20 ^explained in U.S. Patent HO. 4,, M ,3» the 

, n ^ P c or cannulae by 

art OI manufact urin, tube pipes ^ 

r^Uea 'o/r :; is fairly -U developed, In many 
quantities of J\ use rein f orcement in the 

a common example of such P appli cations 
30 prior art techniques, as is a catheter for PP 

in the medical field contemp iated are 

catheters of the rype 

relatively thin and flexible tubes which 

relatively sheathing embedded 

a nd out., ^ l »"£' ei V n the wire bathing is either 
35 between the layers wne „, x l m uj, torsional 

convention prior art process 

extruded catheter is a ^e-step p™ ^ 
40 step, a mandrel having an outside diameter about qu 
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the desired inside diameter of the finished catheter is 
passed through suitable extrusion tooling to cause a 
tubular jacket or sheath of the catheter material to form 
around the mandrel, in this step, the outside diameter 
5 of the first extrusion layer on the mandrel is smaller 
than the desired finished outside diameter of the 
finished catheter. Next, the inner core tube formed in 
the first step as described above is processed by 
suitable machinery to cause a pattern of reinforcing 
materials, such as vires, fibers, or monofilaments, for 
example, to be laid along and/or around or partially into 
and in contact with the surface of the core tube. Next 
the composite intermediate structure of the inner core 
tube and the reinforcing layer thus applied is again 
passed through suitable extrusion tooling equipment to 
deposit a second layer of- catheter material around and 
bonded to the composite thereby encapsulating the now 
reinforced inner core tube forming essentially a single 
structure. The outside diameter of the second layer of 
20 extrusion is approximately equal to the desired finished 
outside diameter of the catheter. Subsequently, 
finishing and polishing operations can be performed and 
a composite thus constructed cut to its desired length 
The mandrel, if any , is then extracted fey lengthwise 
25 pulling, leaving the hollow catheter tubing with 
reinforced walls. That process produces a catheter with 
smooth, uninterrupted inner and outer circumferential 
surfaces. 

U.S. Patent No. 4,764,324 to the applicant 
30 herein constitutes a significant improvement on that 
three-step process by recognizing that heating the 
polymer substrate, or the reinforcing material and a 
polymer substrate beneath it, during a process of 
manufacturing a catheter, while simultaneously applying 
>5 axial tension to the reinforcement, will cause Z 
reinforcement material to deform or penetrate the 
original. surf ace of the catheter body polymer and thus 
penetrate into such a surface. The distance to which the 
reinforcement material sinks into the underlying polymer 
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is highly controllable and repeatable depending on the 
conditions of the relative temperatures of the catheter 
body and the reinforcement material, as well as on the 
tension exerted on the reinforcing material, and the 
5 physical characteristics of the polymer from which the 
catheter is made. Thus, by controlling these parameters, 
the radial position of the reinforcement in the wall of 
the catheter can be simply but accurately followed. In 
the '324 patent, it had been noted that the polymer thus 

10 softened and deformed or penetrated but remaining outside 
of the new smaller diameter of the reinforcement 
structure produces a somewhat peaked or waffled contour 
in those locations where the polymer has exuded between 
. the strands or filaments of the reinforcement and extends 

15 radially outwardly beyond the reinforcement to an extent 
where it can be worked to form the outer wall of the 
catheter body. However, the art suggested that smooth- 
walled catheters were desirable and users demanded such 
devices . 

2 0 Accordingly, catheters made by either of the 

two processes noted above produced a catheter with a 
smooth inner diameter or bore well, or lumen, as well as 
a smooth, outer diameter wall to form a smooth surface 
composite construction of polymer containing the imbedded 

25 reinforcement between the now smooth inner and outer 
surfaces. 

In fact, for most reinforced medical tubing 
structures, placement of the reinforcement strand is 
desired at or near the mid-wall point of the structure. 

30 In the '324 patent, the depth of radial placement of the 
reinforcement strand is chiefly controlled by the degree 
of heat softening of the substrate at the time the 
reinforcement impinges the surface under essentially 
constant application tension. 

35 Among medical tube structures are those that 

are used as mechanical guides or sheaths. One such tube 
is the guide for balloon catheters in the practice of 
angioplasty. In this use, since a balloon-carrying 
catheter is to slide through the previously-placed 
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Riding catheter, it is desired to reduce internal 
frxctxon between the guide tube and the balloon catheter 
to a minimum. 
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A smooth-walled guiding catheter, even one with 
a Ixnxng of a low friction material, such as a 
Teflon\brand material, can exhibit a considerable drag 
frxction due to fluid coupling where a think film of 

10 wall "T" ^ ° f ball °° n t0 the -theter 

wall. A„ exaniple of ^ phenomenon when . s 

f luxd can be found when meshing precision gauge blocks in 

a machxne shop which, if pushed together ^ 

stxck together even though there are no forces such as 

15 1 PreSent ' ™ S ° CCUrS 156031156 toe ^oint line 

15 between the blocks is so small that it does not readily 

allow axr to enter the blocks to cause them to separate 
sxmxi arly , in the c , se Qf smooth . walled cathe J rs ^ 

balloons, rubbing against the smooth guide tube wall 

'0 pre'seT 8 ^ bUt eSSential * a —layer of the fluid 
-0 present over a relatively large contact area, a = di 

where d is the diameter of the lumen or I.D. of the tube; 

and i ls the length of contact> anow . ng ' 

TrllZlT. n t0 M ^ag 

5 in ^ Accord ^ly, it is a problem in the art, even 
m the use of standard smooth-bore catheters, and even 
when stxffness and torgue properties are excellent and 
frxctxon xs low when dry, that high levels of fluid 
frxctxon are experienced as soon as blood or inject 

~ ^ — ^ ~ 

bv thi fi • ACC ° rdingly ' ifc is derail problem addressed 
by thxs xnvention to develop a catheter and guide-tube 
Paxr which exhibit a marked reduction in Txxa! and 
rotations drag f orces during manipulation le t 
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an irregular surface to reduce contact friction when in 

use. ' . 

It is another overall object of this invention 

to provide a method and apparatus wherein either or both 

5 surfaces of a tubular object or the outer surface of a 

solid object are modified in such a way as to decrease 

mechanical friction due to fluid coupling by causing the 

surfaces to have a non-lineal or non-smooth character, 

thus limiting contact area within the adjacent structure 

10 to small areas of points or lines rather than the entire 

geometric surface. 

It is another overall object of this invention 
to provide a method and apparatus for producing a 
catheter with modified and controlled surface geometry by 
' is processes of embossing patterns on the outside surface 
and molding patterns into tubular inner surfaces. 

It is still another object of this invention to 
provide a tubular catheter having a modified lumen 
surface wherein a reinforcing braid is submerged xn a 
20 layer at the time of pattern of generation by use of a 
correctly sized die heated to a point where it heats and 
pushes the reinforcement (or pattern) into a substrate to 
cause waffle-like distortion of an outer wall surface of 
the structure. 

25 These and other objectives of the invention 

will become apparent from the drawings and the detailed 
description of the invention which follows. 

snmmary O* + ho Tnvention 

30 Directed to achieving the forgoing objects and 

overcoming the problems of the prior art, this invention 
relates to a tubular object, such as a reinforced 
catheter, wherein the surface of the interior bore or 
lumen is irregular. In particular, the irregularity in 

3 5 the interior bore or lumen surface of the catheter is 
caused by placement of a reinforcement strand applied 
. according to the teachings of the Applicant's prior U.S. 
Patent No. 4,764,324 to a location proximate but not 
through the interior wall, causing irregularity in the 
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lumen wall. Accordingly, the inner surface geometry is 
modified by displacement of the tube wall into the 
mandrel, thus exhibiting on the I. D. wall radially-raised 
ridges of maximum height directly under a reinforcement 
5 strand. since the reinforcement strands are almost 
always in the form of a helical wrap along the axis of 
the tube, during the manufacturing process, the raised 
ridges take the form of helices along the tubing with the 
same hand as the innermost strands as applied. 
10 The interior lumen or bore of the tubular 

catheter thus has its normally smooth surface interrupted 
by a pattern which eliminates the problem of fluid 
coupling because contact between stationary and moving 
members is along the line or innermost surface of the 
15 raised ridges, rather than across and along the entire 
lumen surface. 

In another aspect, the applicant's invention 
relates to surface modification of the external surface 
of a solid or tubular object, such as the catheter, to 
20 reduce friction as noted above, especially when the 
catheter is moved through or rotated within a guiding 
catheter. The exterior surface of the object to which a 
reinforcement was applied, according to the teachings of 
the '324 patent, exhibit an elongated diamond-like or 
25 waffle-like pattern generated on the outer surface by the 
entry by right and left hand reinforcement helices. 
Rather than completely smooth over the "diamonds" or 
"waffles", a smoothing step is eliminated, or an 
oversized die is used to perform an intentionally 
30 incomplete smoothing step, leaving a pattern of smooth- 
tipped waffles or diamonds on the outside tube surface. 
While normally such a rough outer tube surface would be 
discarded as unsuitable for vascular contact, it was 
found that such a surface has significant advantages when 
35 the tube was used to slide concentrically down the lumen 
of an outer tube acting as a guide tube or to be rotated 
within a guide tube. 

According to another aspect of the invention, 
a method of making such a tube is provided according to 
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the steps of the '324 patent comprising a continuous 
method for taxing a finished reinforced catheter : ma de 
from a polymeric material exhibiting a range of apparent 
viscosity proportional to temperature and having an inner 
5 diameter and an outer diameter with reinforcement 
completely embedded within the wall of the tube between 
the inner diameter and the outer diameter. 

The method comprises the steps of providing as 
an interim structure an extruded, mandrelized P°^ e "<; 
10 catheter body having an outer diameter about equal to the 
outer diameter of the finished catheter; providing the 
mandrelized catheter body in a condition heated to a 
state sufficient to prevent a reinforcing member under 
tension to be submerged completely beneath an outer 
15 surface of the heated tubular structure to a location 
adjacent to the inner diameter; and applying the 
reinforcing member at the outer surface of the . headed 
interim mandrelized catheter body under sufficient 
tension to cause the reinforcing member to travel 
20 inwardly through the polymeric outer surface to_ a 
predetermined extent to deform the outer surface relative 
to the reinforcing member by a volume about egual to the 
volume of the reinforcing material added to the tubular 
structure. In one aspect of the invention, the process 
25 contemplates not smoothing the irregular surface so 
formed or smoothing the outer surface of the reinforcing 
catheter with an oversized die to permit the outer 
surface to remain irregular. 

in another aspect of the invention, the 
30 reinforcing material added to the tubular structure is 
located accurately in the wall of the body adjacent to or 
near or sufficiently near the inner diameter to cause a 
distortion thereof, thus to cause inner surface 
irregularity or irregular contours determined by the 
35 reinforcement. Thus, the combination of temperature and 
material of the catheter and tension on the reinforcing 
member controlling the location of the reinforcing member 
to the position noted will produce a catheter having the 
thus-modified surface structure (s) . 
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These and other features of the invention will 
become apparent from the detailed description of the 
invention which follows, taken with the accompanying 
drawings . 

5 

Brief DfisrT-iption of the Drawing s 
.In the drawings: 

Fig. 1 is a block diagram of a prior art 
10 process for manufacturing an intermittently reinforced 
catheter with an unitary reinforced tip; 

Fig. 2 is a pictorial diagram partially in 
perspective, showing the catheter structure as it 
progresses through the manufacturing process diagrammed 
15 in FIG. 1; 

Fig. 3, including Figs. 3A-3E, are cross 
section of the composite catheter structure at various 
steps in the prior art process depicted in figs, i and 2; 

Fig. 4 is a block diagram of an improved prior 
20 art the process suitable for making the catheter 
according to the invention; 

Fig. 5 is a pictorial diagram, partially in 
perspective, showing the structure of the invention at 
various stages in the manufacturing process of Fig. 4; 
25 Fig. 6, including Figs. 6A-6F, illustrates 

cross sections of the composite structure at various 
stages in the process shown in Figs. 4 and 5 according to 
the invention; 

Fig. 7 is a series of cross-sectional views of 
30 distortions of the interior wall and mandrel according to 
the invention, wherein Fig. 7A shows in diagrammatic 
fashion a cross-sectional view of a mandrelized tube 
showing distortions of the interior wall of the tube and 
the exterior wall of the mandrel according to the 
35 process; Fig. 7B shows an enlarged view of the same; and 
Fig. 7C shows an axial view of the same; 

• Fig. 8 shows in Fig. 8A a cross-sectional view 
of the tube after removal of the mandrel; and Fig. 8B 
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shows an elongated axial section thereof showing the 
interior surface of the tube; 

Fig. 9A shows the external surface made 
according to the processes of Figs. 4 and 5 in a view 
5 similar to Figs. *C and 6D but unsized or sized by an 

oversized die; and 

Fig. 9B shows the exterior surface of the tube 
ma de according to the prior art process of Figs. 1 and 2 
without the second pass. 

Detailed Bescrjetion Sf ttfi Preferred Fjnb^ments 

Figs. 1-3 describe in greater detail a prior 
art process for manufacturing a reinforced tube, for 
example, a catheter, as designated generally by the 
reference numeral 15. As shown in Figs. 1-3 a mandre 
17 from a mandrel source 16, comprises an elongated 
tubular or solid form 17 having a generally circular 
cross section (Fig. 3A) is passed through an extruder 19 
to provide a sheath 20 of plastic material about the 
mandrel 17. The mandrel 17 has an outside diameter equal 
to the desired inside diameter of the finished catheter 
15 . The innermost layer of the catheter wall is formed 
from the sheath 20 to form a base tube for the finished 
catheter and has an inside diameter egual to the outside 
diameter of the mandrel 17. The plastic sheath 20 about 
the mandrel 17 during the first extrusion step has an 
outside diameter which is smaller than the desired 
finished outside diameter of the finished catheter. 

The inner base tube 21 formed as described 
above is processed by suitable machinery 22, Xnown to the 
art, to cause a pattern of reinforcing material 23 to be 
laid along and/or around or partially into or in contact 
with the outer surface of the core tube 21. By way of 
example, the reinforcing material may include wires, 
, fibers or monofilaments. Where desired, the composite 
catheter structure with the reinforcing material 23 may 
be processed to intermittently excise a portion of the 
reinforcement, as shown generally by step 25 In 
performing this step, the reinforcement material thus 
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formed is physically removed along spaced portions of the 
core tube 21, as shown at portion 26 of Fig. 2 
Thereafter, the core tube 21 with reinforcement spacedly 
excised is passed again through an extruder 27 to form a 
5 second layer 28 of extruded wall material as a sheath and 
bonded to the composite to produce a composite structure 
having an outer diameter of the catheter, in performing 
this step, therefore, the reinforcing layer 23 (whether 
or not partially excised) is thus embedded in the wall of 
10 the final composite catheter structure 28, which wall 
comprises two radially located sequentially applied 
extrusion layers bonded together to form a structurally 
single tube wall. Finally, in the step designated 
generally by the reference numeral 30, the composite thus 
15 constructed may have its wall smoothed to a tolerance of 
about ±0.0005 inches; is cut to its desired length; and 
the mandrel 17, is extracted by lengthwise pulling 
. leaving the hollow catheter tubing with intermittent or 

continuous reinforced walls. 
20 A P roces s for making the tube, such as a 

reinforced catheter, according to the invention is best 
seen in its preferred embodiment in Figs. 4-6. m Fig. 
4, the prior art Burnham process is designated generally 
by the reference numeral 32. As a starting material for 
25 the process 32, a mandrel 34 from a mandrel source 33 is 
passed through an extruder 35 to deposit a sheath 36 
about the mandrel 34 in a manner somewhat similar to the 
first extrusion step of Figs. 1 to 3. However, the 
outside diameter of the extrusion here is approximately 
30 equal to the full outside diameter of the finished 
catheter and is the only extrusion step performed. 

Reinforced material 38 is applied to the 
mandrel/tubing composite structure 39 in a manner similar 
to that described in connection with Fig. i. However it 
35 has been found that the application of heat by a suitable 
heat source 40 to the mandrelized wall tubing acting as 
a starting material and/or to the reinforcing material 
38, while simultaneously tensioning the reinforcing 
material by a tensioning device 42 will cause the 
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reinforcing material when applied to the original surface 
of the catheter body to sink into such surface and to 
penetrate or deform it. The heat thus applied to a 
thermoplastic material forming the catheter body causes 
5 the thermoplastic polymer to soften to an extent 
sufficient to permit such penetration or deformation. 

It has been found that the distance into which 
the reinforcement material penetrates beneath the surface 
of the catheter body and thus sinks into the underlying 

10 polymer is highly controllable and repeatable. That 
distance is a function of the relative temperatures of 
the catheter body and/or the reinforcement material, as 
well as the simultaneous tension exerted on the 
reinforcing material by the tensioning device, and the 

15 material of the body. Thus, by way of example, if the 
temperatures applied to the catheter body and the 
reinforcing material are controlled within toleranced 
limits, for a given catheter body made from a known 
polymer exhibiting known viscosity as a function of 

20 temperature, the depth of penetration of the reinforcing 
material can be determined for a given process rate and 
time of application virtually solely by the degree of 
tensioning applied by the tensioning device. 

An alternative practice of the process, 

25 assuming that the tensioning is fixed within toleranced 
limits, the degree of heating of the catheter body and/or 
the reinforcement material, will similarly control the 
dept of penetration at a constant process speed. In its 
simplest form, controlling the temperature of the heat 

3 0 source 40 will control the degree of heating of the 
catheter body composite at that stage in the process. 
Since the process is practiced on a continuous basis, the 
heating temperature may also be controlled by the speed 
of the process, by way of example, by passing the 

35 mandrelized catheter body through a heat source 40 
providing a source of heat within toleranced limits. One 
. way of applying heat to the catheter body 3 6 is by 
passing the catheter body 36 through an oven, or through 
a fluid heat transfer medium for a time sufficient to 
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permit the catheter body 36, or at least the radially- 
outwardly extending portion of the catheter body 36, to 
soften to an extent which permits it to receive the 
reinforcing material 38 therewithin. Another way is by 
5 heating the reinforcing material which in turn heats the 
polymer. 

As explained in the '324 patent, such a process 
had significant advantages in controlling the placement 
of the reinforcement material 38 in the wall of the 
10 catheter body 36 and thus is particularly suited for 
applications in which it is necessary to structure a 
catheter such that the reinforcing material 38 is located 
near the outer wall of the catheter, near the inner wall 
of the catheter, or at a precisely-controlled selected 
15 point in between. When it is remembered that catheter 
bodies are extremely small structures and catheter walls 
are extremely thin, such a process has significant 
advantages in assuring that the reinforced materials are 
embedded within the catheter wall throughout the length 
20 of the catheter while at the same time omitting the 
second extrusion step as previously discussed in 
connection with Fig. i. 

Fig. 5 and Fig. 6A-6F further illustrate the 
features of this aspect of the invention. Following the 
submersion of the reinforcing material 38 into the 
catheter body 36 mad from a thermoplastic polymer, the 
polymer thus softened and penetrated, but remaining 
outside the new smaller diameter of the reinforcement 
structure, produces a peaked or waffled contour, 
designated generally by the reference numeral 46 (Fig. 
6C) in those locations where the polymer has exuded 
between the penetrating strands of the reinforcing 
material 38. The volume of polymer material from the 
reinforcement structure which is displaced is about equal 
to the volume of the reinforcing material 38 submerged in 
the catheter body. Thus, in Fig. 6C, the outside 
diameter of the composite catheter prior to application 
of the reinforcing material is designated by a dotted 
line by the reference numeral 47 to illustrate that in 
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i <- he oeaked areas 46 extend beyond the former 
general the peaked ar ^ 

outside diameter of the catheter do y, 

areas formed near the wire (designated generally by the 

outside oiam subsequent normal 

structure is advantageous in tot - ^ 
processing, the protruaing portions « may be ^ 
„ over in , sisin, ana/or seoot^ ep ^ 
smooth catheter wall completely env * ^ 
the reinforcement materia! 38 as seen in Figs. « ana JF- 
Tore significantly, sooh a step avoias the application 

,s^— ^ om aspMt Qf this Mention 
however, a eatheter having an outsiae oontour as shown in 
' T„ 6^ ana €D may he passea through an oversea axe, 
Figs. 6C ano * uith th e contour there 

or left merely so soliaify or. cur 

shown. This leaves the irregular surface 46, 47 of the 
2 0 carter 38 as the outer finishea catheter surface. If 
thacatLt.r aoes not pass through a aie, (eliminating 
step 44) th. effective contact are, of the irregularity, 
I? -aiamona- or -waffle", is aeterminea by one or more 
t£. at the largest effective 0.0. Such line contact 
25 then determines the friotional engagement while fluia 
couplea to the guiaing catheter. 

on the other hand, if the surface of Pigs. 6C 
ana <D passes through an oversea die. a somewhat 
nattenea outer sur £ ace is formea, as seen in Pig. B 
,0 where each protrusion has an upper area XI so that the 
entire surface area at the effective .... of £ tubu 

for a given length, ana 
catheter is - ^ ^ o£ 

Figs. 6E ana 8F. where d is the outer diameter and 

" U " e 'Tanother preferrea aspect of the process 
eccordin, to the invention, the 

catheter hody construction proaucea according to th 
invention me, have the reinforcement material 
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intermittently applied, as in the prior art, or by 
continuously applying the reinforcement material and then 
excising portions thereof, or by periodically stopping 
the application of the reinforcement material, or 
5 continuously applying the reinforcement but in such a way . 
as to cause the reinforcement material to lie along the 
outer surface of the composite structure as a series of 
straight line strands, as shown in Figs. 8-10 of the '324 
patent (herein incorporated by reference) as is there 
10 explained in greater detail. Such a straight line 
pattern is not submerged into the catheter wall body and 
thus is easily removed from the surface of the composite 
structure. 

The process of the invention may be performed 
15 continuously utilizing conventional machinery. 
Thermoplastic polymer mandrels, extruders, and machines 
for applying reinforcing material, such as modified 
braiders, are known to the art. For example, braiding 
machines are available from either New England Butt 
20 company or Wardwell Company, by way of example. 

As specific examples of the type of 
thermoplastic plastic materials which may be used, such 
materials include polyethylene, polyurethane, certain 
rubbers, latexes and vinyls, conventionally available 
25 from such companies as DuPont. As a specific example of 
a preferred reinforcement material, one may use 
polyaramid, which is commercially available under the 
trademark "KEVLAR", but other materials such as carbon, 
boron fiber, glass, ceramic, non-metallic wires, metallic 
30 wires, and natural fibers such as cotton, as well as 
monofilaments such as nylon and polyester, may also be 
used. Where it is desired to utilize the reinforcement 
material as a conductor for signals, an electrically 
conductive wire may be used as all or any part of the 
35 reinforcement material . 

The embodiment of Fig. 4 has been described 
with respect to the thermoplastic polymers forming the 
catheter body, using heat as the medium for controlling 
the plasticity of the wall to permit penetration of or 
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action by the reinforcing material to for. the 
waffled contour 46. In the alternative ee 
step bearing the reference numeral 49. other curable 
polymers me, also be used. Were, for example, the 
5 po £r may be hardened by curing the cross-lining ™ er 
the application of ultra-violet light, or by ionizing 
radiatTon. a curing step particular to the curable resin 
Bay he used. such cureble polymers may possess a 
sufficiently semi-rigid body ctaraet. £ 
curing to pereit penetration into, or deforce of the 
surface by the application of the reinforcement material, 
as Previously described, or to for. the waffled contour 
"rout the application of heat at the reinforcing 
application as described in connection with Fig. 4. In 
those instances, the step of epplyin, simultaneous heat 
may be eliminated in favor of e curing step, which may be 
a heating step, efter the application of the 
reinforcement material and,or its partial e*c iSing as 
described end during or after sising as shown in step 44 
2 0 These alternative times of application of the curing step 
subseguent to the application of the reinforcement 
materral to the catheter body being formed -e designated 
generally by the two arrows connecting the bloc* : 4. to 
the process of Tig. 4. However, depending on the 
characteristics of the meterial used, a curing or partial 
curing step may be carried out either eerlier or later in 
the process while carrying out th ntial features of 

the invention. . ftf ,. hp 

in still another preferred aspect of the 
invention, for the mandrelized embodiment of either Figs. 
2 o4 5 made according to the processes of Figs. 1 and 4 
respectively, the reinforcing material can be caused to 
be positioned in the mandrelized tube as shown in Fig. 7, 
, • ma 7A. Such an embodiment was 

and in particular in Fig. 7A. 

discovered during experimental runs of steps m the 324 
patent wherein it was learned that it is possible to 
insert the reinforcement "too deeply" within the wall 
36, to a location that is almost through the wall 36 into 
the lumen location, stopping just short of brea^ng 



25 



30 



35 



WO 92/19308 

_ 16 _ PCT/US92/03668 

through the interior wall 70. since the mandrel 34 used 
during the processing is itself polymeric in nature, the 
heat softening of the structure wall 36, 70 as described 
above also carries slightly into the mandrel 34 as shown 
5 in the arc of the circle 90 defined by a locus of points 
eguidistant from the outer surface of. the reinforcing 
member 38. The result thus is that although the 
reinforcement strand 38 can be kept from passing 
completely through the structural wall 70 into the 
10 mandrel 34, the displacement of catheter body material 
ahead of the strand, in the partial annulus 91, can 

be made to carry into the outer surface or the mandrel 34 
with the result that when the mandrel 34 is removed the 
displacement of the tube wall into the mandrel shows as 
15 a radially raised ridge 71 of maximum height 72 directly, 
radially from the reinforcement strand. 

Moreover, as seen in Figs. 7A to 7C, since the 
reinforcement strands 38 are almost always in the form of 
a helical wrap along the axis of the tube, the raised 
20 ridges 71 take the form of helices down the tubing with 
the "hand" of the innermost strand of set of strands as 
applied. 

While not completely understood, the raised 
ridges assume a contour which is defined by about a locus 
25 of points of material eguidistant from and having about 
the same shape as the reinforced strand. Thus, as seen 
in Figs. 7A to 7C, the raised ridges 71 are defined by at 
least an arc of a circle and at most by a semicircle. 

The interior wall of the catheter bore has a 
plurality such ridges 71, as seen in Figs. 8A and 8B 
after the mandrel 34 is removed. The area of the high 
points is essentially a line contact 72, but if desired 
though definitely not preferred, the ridges 72 could be 
smoothed and thus flattened somewhat to define an area 
having a relationship like that discussed for the outer 
relationship. 

The method of Fig. i ffiay a i so be used according 
to the teachings of the '324 patent so long as the 
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exterior wall or interior wall exhibit the properties 
noted in this invention. the 
Fia 8 illustrates in greater 

features of the invention relating to the tube after 
features of ^ ^ interlor wall 

5 Tib*. r»riflin"» oharacteristic. As used, -rifling 
TZli tiv of tie single-handea helical Protrusion of 
isaescnp struo ture Sue to the 

the inner wall of a t ^ 

.each - rrrr - r ^ o£ 

the tube whether »aae accorain, to the process of Pigs. 
4 . 6 or accorain, to the prooess of rigs. 1 ^ ^ F ° f 

x :2r~ in « - - -r^vr 

•^-h a sizing and smoothing die which is 
with a sizing a «.„rface such as shown in 

Thus, rather than produce a surface su 

*4 fl nd 6F the surface is intentionally 

J5 contact, hut is .avantageous in perlttin, the tube to 
sliae concentrically ao»n the lueen of an outer tube. 

the outer sheath of a tube so constructea erf, bits 
the sane low friction phenonena in the presence of fluid 
on the outside of the catheter as on the insiae surface 
on the ouusiu invention. Accoraingly, 

30 of the tube acooramg to the inventio „ affle a 
break up of fluia coupling occurs because of the waffled 
outer surface in a nanner sinilar to the fluia coupling 
break up causea by the rifled interior surface as 
Previously aescribea. "Waffling" .ay be consiaerea to be 
35 descriptive of the alaost pa«ern 

9 ener,tea on the outer ™<™ l b it o" tensionea 
structure by the passage through it ° 
reinforcing strenas. These stranas are usually appli-d 
in the form of two, opposit.ly-h.ndea helices of one or 
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more strands each. As the strands are simultaneously 
wrapped into the tubed structure, each strand plows up a 
lineal distortion of the surface leaving a slightly 
depressed groove behind it as it sinks in. As these 
5 opposite-handed grooves cross each other, they leave a 
cross hatched pattern herein described as a "waffle" as 
well as raised "pillows" of polymer resulting from 
partial volumetric placement by the strand cross 
sections . 

10 Finally, the method and apparatus according to 

the invention may exhibit both characteristics. That is, 
a tube made according to the invention may have the 
rifled inner tube as shown in Figs. 8A and 8B, and the 
waffled outer surface as shown in Figs. 9A so that the 

15 tube may be made for use as either a guiding catheter for 
a smaller interior catheter, or as a guided catheter in 
a larger tube. 

Thus, an improved reinforced tube or catheter, 
and a method of making such an improved tube or catheter 
20 with superior interior and/or exterior surface 
characteristics has been described. 

As a representative example, a catheter 
according to the invention has been made according to the 
teachings of the '324 patent and this application with an 
25 o.D. of O.104", and ID of 0.080", and a wall thickness of 
0.012" having a wire reinforcement of l to 3 mils 
precisely embedded in the wall to produce the id 
irregularity as described. 

This invention will also provide a tubular 
catheter with a modified lumen and/or outside surface by 
modification of the prior art process of multiple layer 
extrusion. The lumen surface modification is 

accomplished at the time the reinforcing is being applied 
to the undersized»core" extrusion by use of a heated die 
located on the braiding machine slightly above the 
formation point of the braid. 

This die is slightly smaller than the combined 
diameters of the first extrusion and the braid laying on 
its surface. The combination of the intentional 
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interference fit end the heet of the die censes the 
reinforcement to he forced into the polymer structure as 
.path of least resistence. The heat present is 
LtroUed in degree so that the polymer ia^er ;; 
5 fused completely. The compression of the r.inforc 
due to the heated die causes the braid to sin* 
7.^^ ievei, hut since the polymer is un-B ted, 
that portion under the reinforcement strands is forced 
inward .ore that the polymer not directly under 
10 TIZ orcenent strand. 

the braid without the reinforcement actually P 
lough the poiymer layer an* ^ the = J£ 
removal of the temporary support mandrel "° 
the image of the oraid pattern shows es a "waffl , of the 
1S iumen slrfaoe, the irregularity of which 

friction reducing properties claimed in this invention . 

Patterning the outside surface is accomplished 
ouring extrusion of the outer JaOcet hy 
extruL, at a lineal rate too fast to 
20 reach volumetric pressure ^r^l 

projecting portion of the "r^Tti-^"-"* 
an outwardly projecting image of the *«• 
pattern, thus accomplishing the desired result of 
friction modification by contact area reduction, 
friction eteel reinforced polymer tube may 

also be provided which exhibits variable bending 
sUffness, with the variations occurring over the length 
of the tube at controlled locations and to , controlled 
fegree a „ a for a controlled axial length. The embodiment 
30 produced the following: 
Embodiment specs: 

Polymer Tube - .081" ID x .106 OD 
pebax 7 2D 

Reinforcing - 001" x .005" 304LV Stainless Flat 

" Wlre variable Pattern Density - 10 to 32 picks or 
crosses/ lineal inch axial 
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The invention may be embodied in other specific 
forms without departing from its spirit or essential 
characteristics. The present embodiments are, therefore 
to be considered in all respects as illustrative and not 
5 restrictive, the scope of the invention being indicated 
by the claims rather than by the foregoing description, 
and all changes which come within the meaning and range 
of the equivalents of the claims are therefore intended 
to be embraced therein. 



PCT/US92/03668 

WO 92/19308 - 21 - 

jfrint js sulmed is 

! A finished reinforced catheter made from 

I . _ _ vr»-r<a with an inner 
, . PO^U ^U^ av^ . -e « infor _ nt 

3 diameter and an outer aia gaid 

: :=.nru— :::::: 

10 reinforcement material located J 

II ^«^«^ f ^J^rSl^. so that 
a an and actual I.D. of . aaid mt error 

» — "~ d r a" " d' T rotated concentric 

it ^T"^ that Cited hy a smooth X... 

16 wall- 

2 The catheter as set forth in claim 1, 

, The catheter as set forth in claim 1. 
, wherein said ridge is approximately semicircular for a 
3 circular reinforcement member. 

4 The catheter as set forth in claim 1, 
\ wherei n the'shape of said ^e is a 

3 use of a flattened wire with one axis 

4 than the other. 

5 . The catheter as set forth in claim 1, 
further comprising a plurality of such ridges spaced 

3 ahout along the interior of the inner diameter hore of 

4 said catheter* 

6 A method of using the catheter of claim- 1 
\ as a guiding catheter comprising the steps of providing 
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1 TJT'T as defined in ° lai * i ' ™ — «« 

4 catheter therethrough whereupon contact between the cuter 

5 surface of said passing catheter and said guiding 

7 fluid coupling therebetween. 

J # ^ . ? * The cathete * as set forth in claim 1, 

2 further including wherein said outer diameter further 

3 includes an irregular surface, thus reducing the friction 

4 of said outer diameter when said catheter is guided 

5 through another tubular member. 

1 * ^ , *' cath6ter as «t forth in claim i 

2 further including wherein said outer diameter further 
includes an irregular surface, thus reducing the friction 

4 of said outer diameter when said catheter is guided 

5 through a ridged internal lumen wall. 

2 a „ nl 9 * * finished ""forced catheter made from 

3 diameter and an outer diameter with reinforcement 

4 completely embedded within a wall of said catheter 

outr:- sai : Wr diameter ana said ^ «~ ^ 

7 ell eXhlbitin9 ^ SUrf ace ««- * 

7 embedding said reinforcement in said catheter made frol 

8 a polymeric material exhibiting a range of apparent 
viscosity proportional to temperature, said outer surface 

" :L s r b ; a r::ir r? relative to said reinf — 

- -rial LL^air^ — 

* 10. A continuous method of making a finished 

elCr Oa0 ' eter — * -teria 

4 tH' *" 9 3 ° £ aPPar " nt VlSCOSit >' ""P-tional to 

4 t^erature « - W diameter and an outer 

5 dieter w.th reinforcement completely embedded within 
« the .all of said catheter hetween said inner diameter ana 

7 sard outer diameter with a single extrusion step 

8 comprising the steps of: ' 
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providing .. an interi. structure an extruded 

11 diameter about equal to the 

12 finished catheter; ca theter body in a 

providing said mandrelized catheter y 
, \ to a state sufficient to permit a 

14 condition heated to a st subB erged 

15 reinforcing member under tension to 

16 completely beneath an outer surface of the heated t 

21 member to travel mwaraiy * 

22 surface to a predetermined extent to deform . 

* ^ «i «tive to the reinforcing member by a vox 

23 surface relative to said rein forcing 

24 about proportxona 1 * ° *^ J ^ ^ ^ ^ 

25 material added to said tuouia 

32 predetermined extent, the location o 
3 Lher within the finished product being defied by 
34 location of said reinforcing Bember when applied to said 
iTeri. catheter tody, said deforced outer well being the 
36 outer wall of said catheter. 

11. The method of claim 10 wherein said 
2 catheter is made from a thermoplastic resin, and the step 

* efficiently softens the catheter body w r 

5 e refoluo/or penetration when said reinforcing .esber 

7 is applied thereto. 

U. The eethod es set forth in claie 11 
\ wherein the step of heating is acooBplished only h y 
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3 heating said reinforcing member when applied to said 

4 catheter body. 



1 13. The method as set forth in claim 12 

2 wherein the step of applying further includes the step of 
tensioning the reinforcing member while being applied to 
said catheter body to cause said reinforcement member to 
deform the outer surface of said catheter body. 



1 14. The method as set forth in claim n 

2 wherein the step of applying further includes the step of 

3 tensioning the reinforcing member while being applied to 

4 said catheter body to cause said reinforcement member to 

5 deform the outer surface of said catheter body. 

1 15. The method as set forth in claim 10 

2 wherein the step of applying includes the step of 
tensioning the reinforcement member while being applied 
to said catheter body while controlling the tension on 
said reinforcing member while being applied thereto thus 
to control the depth of penetration of the reinforcement 
member beyond the outer surface of said catheter body 

8 toward the axis thereof, thereby to control the location 

9 of said reinforcement member in said finished catheter at 
10 a location which deforms the inner wall of said catheter. 

1 16. The method as set forth in claim 10 

2 wherein said catheter body is made from a thermoplastic 
material, and wherein the step of applying includes the 
step of heating aid thermoplastic catheter body 
sufficient to permit the reinforcing member to cause the 
outer surface of said catheter body to become irregular 

7 when applied thereto. 

1 17. The method as set forth in claim 16 

2 wherein the step of heating includes the step of heating 

3 both the thermoplastic catheter body and the 
reinforcement member while being applied thereto. 
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18. The method as set forth in claim 10 
wherein said reinforcing member is a braid c«pri.i^ 
pl urality of reinforcing members applied to sa.d catheter 

4 body in a spaced array. 

19. The method as set forth in claim 10 
\ further including a step of sizing said irregular 
3 deformed outer wall with an oversized die. 



l 

2 
3 



20 A continuous method of making a finished 
reinforced catheter fro. a thermoplastic material having 
an inner diameter and an outer diameter with a single 
ZZ ion step and without application of pressure from 
2 Sterna! source to said inner diameter comprising the 

* " eP5 ' "''continuously extruding a mandralized catheter 
8 body as an interim structure having an outer diameter 
etut e^al to the outer diameter of sard finished 

reinforced catheter; , 

heating said mandrelized catheter body to a 
la temperature to causes aid thermoplastic materrai to 
" exhibit a predetermined degree of viscosity; 

continuously applying a tensroned length of a 
reinforcin, member to an outer surface of said heated 
interim catheter body by a guide rotating in a plane 
.proximately normal to movement of the catheter body » 
define a helix angle determined by the ratro of the 
tength through which the tube advances for each complete 

rotation of the guide; 

the step of applying being carried out while 
said catheter body is sufficiently viscous to permit 
deformation at a surface contour of said catheter ^body y 
« an a^unt « ^ egual to vo- £ said 

z'rzTJ^rz ~ — - ■ 

Toe tion determined by said viscosity and tension on s^id 
fa reinforcing member while the length of reinforcing member 
29 is applied thereto; and 
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30 said location interrupting said inner diameter 

31 to cause said inner diameter to become irregular, thus to 

32 define at least a land having an I.D. less than the I.d. 

33 of said inner diameter. 

1 21. The method as set forth in claim 19 

2 including the step of ceasing the rotation of said guide 
to cause said reinforcing member to lie along the surface 
of said catheter body for a length determined by the time 
in which rotation in which said guide has ceased relative 
to the movement of the tube in its axial direction 
thereby to facilitate excision of said reinforcing 

8 material along said length to form a unitary catheter. 
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1 22. a method as set forth in claim 19 further 

2 including the step of applying at least a second length 

rt-P m{.C. J . .... 



3 

4 
5 
6 
7 



of reinforcing material to said catheter body, said first 
length being applied at a first helix angle which is 
large relative to the axis of the catheter body, the 
second length being applied at a small angle relatively 
to said axis, the application o a multiple set of helices 

8 to the catheter body being controlled to produce precise 

9 torque and stiffness characteristics for the finished 
10 catheter. 

1 23. A method according to claim 19, wherein 

2 said reinforcing member is an electrically conductive 

3 material adapted as a conductor for electrical signals. 



1 24. A method according to claim 19, wherein 

2 said reinforcing member is an electrically conductive 

3 material- adapted as a partial number of the plural 

4 strands. 

1 25. The method as set forth in claim 22 

2 further including a smoothing step to smooth the other 

3 surface of said elongated product after said reinforcing 

4 member has passed therethrough, so that the final surface 

5 of the finished product can be developed with a smoothing 
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6 step while eliminating a requirement for a second 

7 extrusion step to produce said final surface of said 

8 finished product. 

1 26. A method according to claim 20, wherein 

2 all or a part of said reinforcing member is an 

3 electrically conductive material adapted as a conductor 

4 for electrical signals. 

1 27. The method of claim 20 wherein said 

2 catheter is made from a thermoplastic resin, and the step 

3 of applying includes the step of heating said mandrelized 

4 catheter body to permit deformation or penetration when 

5 said reinforcing member is applied thereto. 

1 28. The method as set forth in claim 27 

2 wherein the step of heating alternatively includes the 

3 step of heating said reinforcing member while being 

4 applied to said catheter body to cause said reinforcement 

5 member to deform the outer surface of said catheter body 

6 to form said irregular outer surface. 

1 29. The method as set forth in claim 28 

2 wherein the step of applying further includes the step of 

3 tensioning the reinforcing member while being applied to 

4 said catheter body to cause said reinforcement member to 

5 deform the outer surface of said catheter body to form 

6 said irregular outer surface. 

1 30. The method as set forth in claim 27 

2 wherein the step of applying further includes the step of 

3 tensioning the reinforcing member while being applied to 

4 said catheter body to cause said reinforcement member to 

5 deform the outer surface of said catheter body to form 

6 said irregular- outer surface. 

1 31. The method as set forth in claim 2 0 

2 wherein the step of applying includes the step of 

3 tensioning the reinforcing member while being applied to 
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7 



said catheter body while controlling the tension on said 
reinforcing member while being applied thereto thus to 
6 control the depth of penetration of the reinforcement 
member beyond the outer surface of said catheter body 

8 toward the axis thereof, thereby to control the location 

9 of said reinforcement member in said finished catheter. 

1 32. The method as set forth in claim 20 

2 wherein said catheter body is made from a thermoplastic 
material, and wherein the step of applying includes the 

4 step of heating said thermoplastic catheter body 

5 sufficient to permit the reinforcing member to cause the 
outer surface of said catheter body to become irregular 

7 when applied thereto. 

1 33. The method as set forth in claim 20 

2 wherein the step of heating includes the step of heating 

3 both the thermoplastic catheter body and the reinforcing 

4 member while being applied thereto. 

1 34. The method as set forth in claim 20 

2 wherein said catheter body is made from a curable 

3 material, said method including the step of curing said 

4 catheter body after the application of said reinforcing 

5 member thereto. 
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1 35. The method as set forth in claim 33 

2 wherein the step of curing is carried out immediately 

3 following the step of smoothing. 

1 36. The method as set forth in claim 20 

2 further including the step of periodically excising a 

3 selected length of said reinforcement member from said 

4 catheter body to form a catheter having paced reinforced 

5 and non-reinforced lengths: 



1 37. The method of claim 20 wherein said 

2 reinforcing member is a braid comprising a plurality of 
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3 reinforcing members applied to said catheter body in a 

* 4 spaced array. 

1 38. The method as set forth in claim 20 

2 wherein said the step of applying a reinforcing member 

3 further comprises a step of applying a length of 

4 reinforcing material at a preselected helix angle to said 

5 catheter body relative to its axis. 

1 39. The method as set forth in claim 38 

2 wherein the step of applying said reinforcing member at 

3 a preselected helix angle further comprising the step of 

4 rotating a guide carrying said reinforcing member in a 

5 path approximately normal to the axis of said catheter, 

6 the helix angle being defined by the length of movement 

7 of the catheter body for each rotation of said guide, and 

8 further comprising the step of ceasing rotation of said 

9 guide to decrease said helix angle relative to the axis 

10 of said catheter to define a length of catheter body in 

11 which said reinforcing member lies near the surface 

12 thereof during the time the guide has ceased rotating, 

13 whereby excising of said reinforcing member from the 

14 surface of said catheter may be carried out to excise 

15 spaced portions of said reinforcing material from said 

16 catheter structure. 

1 40. A method of continuously making catheter 

2 tubing having an internal bore of accurate dimensions in 

3 a single extrusion step without applying pressure from an 

4 external source through said internal bore, comprising 

5 the steps of; 

6 applying a reinforcing material to a 

7 mandrelized tube travelling at a relatively fixed linear 

8 rate and having an external diameter about equal to the 

9 desired external diameter of catheter tubing, said tube 
10 defining an external wall surface and an internal wall 
11. surfafce, to locate said reinforcing material within said 

12 tube at a location intermediate said external and said 

13 internal wall surfaces and deformed said inner surfaces, 
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14 the applying step being carried out while said tube is 

15 sufficiently heated to exhibit a viscosity at said linear 

16 rate sufficient to permit said reinforcement material to 

17 travel under tension from a location external to said 

18 exterior wall surface to said predetermined location 

19 within said tube adjacent said material, the temperature 

20 of said tube and the tension on said reinforcing material 

21 being selected to cooperate to carry out effectively said 

22 applying step for the material of said tube when 

23 traveling at said linear rate; and 

24 causing said tube with said reinforcement 

25 embedded therein to cool sufficiently to solidify, thus 

26 to embed said reinforcement therein. 

1 41. A continuous method of making a finished 

2 reinforced catheter from a thermoplastic material having 

3 an inner diameter and na outer diameter with a single 

4 extrusion step and without application of pressure from 

5 an external source to said inner diameter comprising the 

6 steps of; 

7 continuously extruding a mandrelized catheter 

8 body as an interim structure having an outer diameter 

9 about equal to the outer diameter of said finished 

10 reinforced catheter; 

11 heating said reinforcing member to a 

12 predetermined temperature; 

13 continuously applying a tensioned length of a 

14 reinforcing member to an outer surface of said interim 

15 catheter body by a guide rotating in a plane 

16 approximately normal to movement of the catheter body to 

17 define a helix angle determined by the ratio of the 

18 length through which the tube advances for each complete 

19 rotation of the guide; 

20 ""^ ste P of applying being carried out while 

21 said catheter body is sufficiently viscous to permit 

22 deformation at a surface contour of said catheter body by 

23 an amount at least equal to the volume of said 

24 reinforcing member through a wall of said catheter body 

25 to locate said reinforcing member entirely therein at a 
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26 location determined by said viscosity and tension on said 

27 reinforcing member while the length of reinforcing member 

28 is applied thereto; and 

29 said location interrupting said inner diameter 

30 to cause said inner diameter to become irregular, thus to 

31 define at least a land having an I.D. less than the I.D. 

32 of said inner diameter. 
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